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1 INTRODUCTION
Seed dispersal has been described as a ‘diffuse
mutualism’ due to the fact that most, if not all, frugi
vores consume fruits of many different species of
plants (Wheelwright and Orians, 1982; Jordano, 1995;
Wessels and Schwabe, 2008; Pakeman and Small,
2009; D’Hont and Hoffmann, 2011). This has resulted
in little coupling between the characteristics of fruits
and their vertebrate dispersers (Jordano 1995; Pake
man and Small, 2009). However, seed dispersal is an
important component of the plant colonization pro
cess (Harper, 1977) which may influence many key
aspects of plant ecology and restoration management
(survival, migration, recruitment, diversity, etc).
Plant–animal interactions, and in particular the
processes of seed predation and dispersal, have strong
spatial and temporal variation, affecting the patterns
of plant regeneration and ecosystem dynamics. Sea
sonal production of fruits by species means a tempo
rary abundance of resources, inducing a diet switch for
many animals benefiting from these resources (Pérez
Ramos et al., 2007).
Birds can play an important role in the seed dis
persal cycle through the active uptake of seeds and
their subsequent internal transport (ornithochory)
(Wang and Smith, 2002). The direct benefit obtained
by the birds feeding on fruits is accompanied by a ben
efit for the plant—dispersal of progeny—and repre
sents a classic example of mutualism. The seasonal
diet switch of birds (from insectivory to frugivory) has
strong ecological implications for plants, determining
the genetic and population structure of (birddis
persed) plant populations (e.g. see Jordano and
Godoy, 2002). Thus, complex plantanimal interac
tions, including predation and dispersal, would deter
mine the forest dynamics, these interactions being
1 The article is published in the original.
vital for the maintenance of ecosystem functions
(PérezRamos et al., 2007). Just for native plants, pas
sage through bird’s guts may increase, decrease, or not
affect germination, depending on the species of bird
and specie (Traveset, 1998).
Although a large number of scientific articles in the
literature include ornithochory (e.g. see Traveset,
1998), studies of dispersion of the scrub by game birds,
are rare. In recent years, hunting has reached a consid
erable importance in Mediterranean society, as Medi
terranean ecosystems have very favorable geographical
conditions for it. The economic importance of this
activity has resulted in increased breeding for release
of game birds, e.g. quail (Coturnix coturnix) and par
tridge (Alectoris rufa), in many farms (Dalmau, 1994;
GonzálezRedondo, 2004). The introduction of game
species may cause changes in ecosystems: the studies,
usually, take into account the effect of game bird on
populations of predators (as food) or agriculture (crop
damage) (Villanúa et al., 2007), but not usually take
into account their role as seed disperser.
The objective of this study was to investigate
whether quails (Coturnix coturnix) can potentially dis
perse the seeds of three common Mediterranean spe
cies in Doñana Natural Park: Corema album L., Myr
tus communis L. and Pistacia lentiscus by quantifying
the number of seeds that pass through the quail’s gut
and germinate afterwards. We addressed the following
questions: (i) how many seeds pass through the quail’s
gut without damage?, (ii) What is the temporal pattern
of seed defecation? and (iii) Does ingestion by quails
enhance or depress seed germination?
MATERIAL AND METHODS
Fruit Collection and Characteristics
Fruits were collected in a rangeland located in
Dunas del Asperillo (Doñana Natural Park) in SW
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Spain (37°15 N, 6°31 W) where the three species were
very common (AlvarezCansino et al. 2010). Ripe
fruits of the three chosen species (M. communis, P. len
tiscus and C. album) were randomly collected from
25 different plants of each species. The fruits collected
from each species were mixed together and stored in
the laboratory at room temperature in dry and dark
ness conditions until the beginning of the experiments.
The length was measured in a hundred fruits and a
hundred seeds with a vernier caliper. In order to deter
mine the number of seeds ingested by quails, the mean
number of seeds per fruit was estimated by counting
the seeds in 100 fruits of each species.
Seeds Retrieved After Gut Passage
Six female adult quails of similar size and age (100 g
average weight and one year old) were fed seeds. They
were individually housed at the Teaching and Experi
mental Farm of the Faculty of Agriculture, University
of Seville. Quails were kept in individual metabolic
pens with a collector system for faeces, where they
were fed seeds. Fruits of each species were offered to
each quail: 70 fruits of M. communis, 200 fruits of
P. lentiscus and 67 fruits of C. album chosen at random
from the pool of collected fruits. This represented
around 200 seeds of each species to each quail. After
wards, the animals were fed feed and had free access to
water. All the dung produced by each quail were col
lected every 12 hours for two days (0–12, 12–24, 24–36,
36–48 h after ingestion) and dried at room tempera
ture for 72 hours in a bell jar with silica gel to avoid
seed fermentation and damage. All the dung recorded
were crushed manually, counting the number of seeds
retrieved.
Some of the seeds retrieved were partially broken,
missing part of the cotyledons but with an intact
embryo. Since the number of broken seeds was very
low (C. album 0.01%, M. communis 0.03% and P. len
tiscus 0.05%) they were no tested for germination.
Only seeds with no evidence of apparent external
damage, examined under a microscope, were used for
the germination experiment.
Seed Germination After Gut Passage
The germination of seeds retrieved from quail’s
dung was compared to the germination of seeds that
were not eaten. For each species, there were three
treatments: (i) Control: seeds that were not eaten;
(ii) 0–12 h: seeds retrieved between 0 and 12 h after
ingestion; and (iii) 12–24 h: seeds retrieved between
12 and 24 h after ingestion. Very few seeds were
retrieved after 24 h (only from C. album) and thus were
not tested. The seeds of each species eaten by different
quails, for the same treatment (0–12 h and 12–24 h),
were mixed together for this experiment.
Seeds of all treatments were disinfected in a 1%
sodium hypochlorite solution and then the seeds were
placed on filter paper in a 5cm Petri dish. Each Petri
dish contained 25 seeds, and there were 4 replicates
per treatment. Three ml of distilled water were added
to each dish. Dishes were wrapped with parafilm and
placed in a germinator (ASL Aparatos Científicos
M92004, Madrid, Spain) for 60 days with a regime of
12 h of light (25°C, 35 μmol m–2 s–1, 400–700 nm)
and 12 h of darkness (12°C). This temperature regime
was chosen to represent the end of autumn tempera
tures in Mediterranean climate, when these species
geminate. The dishes were inspected daily and seeds
germinated were counted and removed. The water
level was adjusted daily with distilled water. We consid
ered that seeds had germinated after root emergence
(1–2 mm).
Three parameters of germination were determined:
final germination percentage, time of first germination
and mean time to germination (MTG), calculated as:
MTG = Σi (ni × di)/N, where n is the number of seeds
germinated at day i, d the incubation period in days,
and N is the total number of seeds that germinated in
the treatment (Brenchley and Probert 1998).
The overall effect of quail passage on seed germina
tion of each species was estimated by multiplying the
mean percentage of seeds retrieved by their mean ger
mination percentage.
Viability Test
The tetrazolium test was applied to three 20 seed
samples collected from pellets and from seeds not
eaten (control), to determine the viability of the
embryo (MacKay 1972). Seeds were kept in water dur
ing 16 h at a constant 25°C temperature. Seeds were
then submerged in a 1% aqueous solution of 2,3,5
triphenyltetrazolium chloride, pH 7, in darkness for
24 h at a constant temperature of 25°C. Then the seeds
were dissected and the embryo was analysed with a
magnifying glass (Bradbeer 1988).
Statistical Analysis
Differences in the total number of seeds retrieved
from dung among treatments, total number of seeds
germinated, time of first germination, mean time of
germination, seed viability and number and size of
seeds emerged from intact and crumbled dung col
lected at different dates were statistically evaluated
with ANOVA. The data were tested for normality with
KolmogorovSmirnov test. Tukey test was used for
evaluating significant differences among treatments.
SPSS 22.0 for Windows (SPSS, Inc., Chicago, IL,
USA) was used in all statistical analysis.
RESULTS
Seeds Retrieved After Gut Passage
The number of seeds retrieved from quail’s dung
ranged from 30 to 54% with significant differences
between species (Tukey test, Fvalue = 21.02 p < 0.05)
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(Fig. 1). The highest percentages of seeds were found
in C. album (53.47%), followed by P. lentiscus
(37.61%) and M. communis (30%). In all the species, the
majority of the seeds were retrieved between 0–12 hours
after ingestion (C. album 40.77%, P. lentiscus 72.18%
and M. communis 100% of the seeds retrieved), fol
lowed by 12–24 hours (C. album 33.29% and P. lentis
cus 27.82% of the seeds retrieved). Only in C. album, a
few seeds were retrieved after 24 hours (19.29% at 24–
36 h and 6.65% at 36–48 h) (Fig. 1).
Seed Characteristics
The larger fruits were those of C. album (9.21 mm)
and M. communis (7.66 mm), followed by P. lentiscus
(4.38 mm). The number of seeds per fruit varied among
species: C. album and M. communis (3 seeds/fruit) had
more seeds per fruit than P. lentiscus (1 seed/fruit).
The characteristics of control and retrieved seeds are
listed in Table 1. Corema album and M. communis
showed seeds smaller than P. lentiscus. In C. album and
M. communis, we found no significant differences
between seeds control and seeds retrieved for any of
the biometric parameters analyzed. In the case of
P. lentiscus, volume of seeds control was significantly
greater than the volume of seeds recovered at 0–12 and
12–24 h (F = 13.21, P < 0.05) (Table 1).
Viability and Germination
The tetrazolium test showed significant differences
between control seeds and seeds retrieved from quail’s
dung in all species (Table 2). In C. album, passage
through the quail’s gut not decreased the viability of
seeds retrieved. In seeds retrieved of P. lentiscus the
viability was significantly reduced by 99% (F = 5.06,
p < 0.05) and in seeds retrieved of M. communis the
viability was significantly reduced by 100% (F = 45.62,
p < 0.05) (Table 2).
As expected, the passage through the quail’s gut
significantly decreased the retrieved seed germination
in M. communis and P. lentiscus (Table 2). Only germi
nated seeds retrieved in C. album, which germinated
significantly more than the no eaten seeds (F = 6.33,
p < 0.05). So, the passage through the quail’s gut had
no effect on the speed of germination (time of first ger
mination and mean time to germination, MTG)
(Table 2).
When considering gut passage and germination
together (global effect), gut passage notably depressed
seed germination in M. communis and P. lentiscus
(57.5 and 39.0% of control seeds compared to 0% of
retrieved seeds, respectively), but not in C. album,
where retrieved seeds germinated more (10.13%) than
control seeds (4.0%).
Table 1.  Characteristics of control seeds and seeds retrieved from dung after ingestion by quail (Mean ± standard error, n = 100).
Different letters indicate significant differences (Tukey Test, p < 0.05)
Species Length, mm Volume, mm3
Corema album
Control seed 2.58 ± 0.03 a 7.23 ± 0.15 a
Seed retrieved 0–12 h 2.45 ± 0.07 a 7.21 ± 0.39 a
Seed retrieved 12–24 h 2.56 ± 0.03 a 7.01 ± 0.13 a
Myrtus communis
Control seed 3.22 ± 0.09 a 13.84 ± 0.94 a
Seed retrieved 0–12 h 3.82 ± 0.11a 13.58 ± 1.50 a
Seed retrieved 12–24 h – –
Pistacia lentiscus
Control seed 4.54 ± 0.21 a 34.77 ± 2.71 a
Seed retrieved 0–12 h 3.25 ± 0.89 a 14.57 ± 1.84 b
Seed retrieved 12–24 h 3.39 ± 1.16 a 13.31 ± 0.56 b
Table 2.  Percentage of germination, number of days to first germination, mean timetogermination (MTG) and viability
seeds, in control seeds and seeds retrieved from dung 0–12 and 12–24 h after ingestion by quail. Values are means ± s.e (n = 4).
Different letters indicate significant differences (Tukey Test, p < 0.05)
Germination, % 1st Germination, d MTG, d Viability, %
Corema album
Control 4.0 ± 1.2 a 39.3 ± 2.8 a 46.9 ± 3.8 a 51.1 ± 8.7 a
 0–12 h 10.7 ± 1.6 b 37.9 ± 4.7 a 40.6 ± 4.3 a 35.6 ±  6.1 a
12–24 h 8.0 ± 1.8 b 35.5 ± 9.3 a 41.9 ± 6.7 a 37.5 ± 13.5 a
Myrtus communis
Control 57.5 ± 2.5 5.8 ± 1.1 11.2 ± 1.3 65.4 ± 2.5 a
 0–12 h  –  –  –  0.6 ± 0.5 b
12–24 h  –  –  –  –
Pistacia lentiscus
Control 39.2 ± 1.6 11.4 ± 1.4 30.8 ± 3.5 42.5 ± 6.2 a
 0–12 h  –  –  – 0.2 ± 0.1 b
12–24 h  –  –  – 0.1 ± 0.1 b
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DISCUSSION
Seeds of three Mediterranean plant species studied
survived ingestion and gut passage by quails, so these
could potentially be dispersed by quails. Seed size,
seed shape, and hardseededness are important factors
in seed recovery (Russi et al., 1992; Gardener et al.,
1993; Pakeman et al., 2002; Pakeman and Small, 2009),
i.e. the smaller, the harder, and the rounder a seed is, the
higher the probability is that it will survive chewing. The
number of seeds retrieved from quail’s dung was high
(30–54%), with significant differences between species.
Smaller and harder seeds (C. album, 2.58 mm) were more
retrieved than larger seeds (M. communis, 3.22 mm and
P. lentiscus, 4.54 mm) (Table 1).
Food retention time within a digestive tract is not
determined only by the intrinsic morphological and
physiological traits of the particular animal. Seed
retention time within the same frugivorous species can
vary significantly depending on the fruit ingested, with
high individual variability (Traveset, 1998; Pakeman
and Small, 2009). The size and weight of a seed, usu
ally, determines the speed at which it passes through
the digestive tract of a bird, with large and heavy seeds
being defecated more quickly than small and light
seeds (Garber 1986; Levey and Grajal, 1991; Gar
dener et al., 1993; Pakeman and Small, 2009). This
was reflected in our study, in the case of M. communis
and P. lentiscus, because the major part of the seeds
was retrieved between 0 and 12 h after ingestion (100
and 70%, respectively), while only in C. album a quar
ter of the seeds were retrieved after 24 hours (Fig. 1).
Seed coat thickness might perhaps be a more
important factor determining whether germination
patterns will be affected by seed ingestion. Germina
tion may be enhanced by the softening of the seed
coats during the digestive process (Baskin and Baskin
1998; Traveset and Verdú, 2002), but destruction and
germination inhibition also occur (Traveset, 1998).
Clergeau (1992) found that the effect of bird ingestion
on germination was different for different species of
birds and attributed this to differential abrasion of the
seed coats by the birds’ guts. Small seed size is also an
important characteristic to survive ingestion and gut
passage (Pakeman et al., 2002; Pakeman and Small
2009; D’Hont and Hoffmann 2011) due to the
decrease of the abrasive effect of chewing (Fredrickson
et al., 1997). This was detected in our experiment:
larger seeds (M. communis and P. lentiscus) showed
lower recovery rate and decreased viability of seeds
than smaller and harder seeds (C. album), compared to
seeds not ingested. This loss of viability may be due to
damage to the embryo caused by digestion and the fer
mentation of the dung. The pH changes during diges
tion and the higher acidity of the faeces from quails
may reduce the viability of M. communis and P. lentis
cus seeds and inhibit the germination (Meyer and Wit
mer, 1998).
Frugivore seed dispersers have the capacity to
modify the germination patterns of many plants by
varying the potential germinability of seeds, the rate of
germination, or both (Traveset, 1998; Pakema and
Small, 2009; D’Hont and Hoffmann, 2011). They can
enhance germination by abrading the seed coats,
which become more rapidly permeable to gases and
water, or just by removing the pulp (or other structures
that may contain germination inhibitors) in their
digestive tracts. This has been found in our study in the
case of C. album, seeds retrieved germinated signifi
cantly more (4%) than the noneaten seeds (8–10%).
For a long time it has been assumed that the fruits of
some plants, especially those believed to have
coevolved with their animal dispersers, obligatorily
need to be ingested by them for seeds to germinate
(Temple, 1977). However, little evidence exists that
such reduction has been due to the requirement for
seed ingestion by a particular frugivore. Probably the
reduction in plant population densities is more related
to the limited dispersal of seeds, with the consequence
of higher seed/seedling mortality due to predators,
pathogens, competition, etc. The seeds of C. album are
probably preadapted to be dispersed by a wide assem
blage of frugivores. Indeed, it has not been described a
direct interaction with a single frugivore. Calviño
Cancela (2004) found that the overall probability of
germination for a seed dispersed by gulls was 17.59%
and was relatively low by blackbirds and rabbits (3.49
and 1.17%, respectively). In our study, we found a high
overall probability of germination for seed dispersed by
quails (10.3%). Germination of C. album seeds is low
and seedling emergence almost restricted to open
ground, imposing important limitations for recruit
ment on both quantity and spatial distribution (see
also CalviñoCancela, 2002). So far, frugivores seem,
and now quails, to be essentials for germination, not as
much for the effects of seed ingestion but for their abil
ity to carry seeds to the more suitable sites.
The effect of a particular frugivorous species is
largely unpredictable, varying varying among plant
and presumably depending on seed traits, intrinsic to
the plant species. In our case, quail, though to disperse
a large number of seeds (30–40%), acting as a preda
tor of M. communis and P. lentiscus inhibited seed ger
mination by reducing the number of seeds that are able
to germinate, probably by excessive abrasion. More
over, quail significantly influences the germination
patterns of C. album, enhancing germination (increas
ing either the germinability of seeds), acting as a good
disperser of this species. Unravelling zoochorous dis
persal mechanisms in a seminatural environment
may therefore offer both fundamental and necessary
applicable ecological knowledge. Although future
studies about aspect of plantfrugivore interactions
(e.g. site where seeds are deposited, quality of nutrient
conditions where seeds are defecated, etc.) are neces
sary, the incorporation of an aviandispersed plant
species into the diet of native frugivores can be an
important step to disperse that species in coastal areas,
so these interactions plantsfrugivore studies should be
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considered in developing conservation plans and res
toration of natural vegetation.
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